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Chapter I
Introduction
Jean Piaget, in his studies of the cognitive development of
children, did not address the applications of his theory to
reading instruction.

Recent research strongly indicates that

Piaget's theory applies to education, and especially reading
instruction.

Reoccuring questions arise from the research:

Must children pass through particular stages in which specific
skills and operations are acquired before reading is possible

and,

Is it possible that beginning reading instruction, which now
starts earlier in most schools (Robinson, Strickland,

&

Cullinan,

1977), may be premature for children who have not attained prerequisite cognitive skill levels?
answer

The literature review will

these and other questions.

Recent studies link the level of cognitive functioning, as
posited by Piaget, with reading achievement.

Of the various

operations which develop during the concrete operational period,
conservation was chosen to be examined in this paper.

Conservation

operations were chosen because they coincide with beginning
reading instruction.
The generalizations and understandings that are generated
from reading require the thought process of conservation.

Experi-

mental data shows a significant and positive correlation between
reading achievement and the attainment of conservation.
Even when intelligence or other factors are controlled,
there is a significant, positive correlation between reading
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achievement and levels of conservation development.

Because of

this, the training of conservation operations should be considered.
Early intervention with children may accelerate the development of
mental structures necessary for conservation.

Thus, reading

comprehension might be strengthened.
The main objective of this research review is to determine
the effectiveness of different training techniques.

The major

techniques used in conservation training studies include:

conflict

equilibration, constituent structure training, and verbal and nonverbal reinforcement (Lovell, 1979).
consistent with Piaget's theory.

The first two methods are

The last approach subscribes to

the behavioristic learning theory.
It is essential to consider the purposes for training
children to conserve.

Do researchers, parents, and educators aim

to accelerate children's development more and more, and as
expediently as possible? Or is the goal to match teaching tasks
to the cognitive level of the child?

These questions will be

resolved in the following literature review.
The ensuing research review will compare the effectiveness of
different training techniques.

It also will determine which

children are most receptive to cognitive changes.
for education will be considered.

Implications
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Chapter II
Piaget's Theory of Cognitive Development
A tenet central to Piaget's theory of cognitive development
is that children must act on the environment to grow intellectually.
(Elkind, 1978)

A background of general experiences rather than a

particular, structured curriculum is the impetus for a child's
reasoning to evolve and become more complex.

Reasoning rather

than language enables a child to gain in cognitive abilities.
As a child acts on his environment, information from his
physical surroundings allow him to form hypotheses about it.
Constant interaction causes the child to add information (assimilate)
to his conceptions and change (accomodate) existing mental
structures (schemata) if new information does not fit in the old
structure; e.g.

all four-legged beings are dogs.

Understanding the role of language in cognitive development
is critical in reviewing the research because some studies use
language training methods.

A theory in opposition to Piagetian

theory declares that language precedes reasoning or thought.

It

is believed that advanced linguistic structures and vocabulary
stimulate intellectual growth.
However, clinical studies conducted by Piaget and others
reveal that intelligent behavior begins before language develops.
Examples of this behavior in the sensorimotor period (birth to
two years) include:

hand-mouth coordination, eye-hand coordin-

ation, and the concept of object permanence (Wadsworth, 1971).
Piaget believed language can facilitate and organize thought,
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but reasoning is developed before language and is usually more
complex than the language which represents thought (Schwebel
Raph, 1973).

&

Ginsburg and Opper (1969) state that:

For Piaget, thought involves more than language.
It involves representation (visual images, auditory
images, mental symbols, etc.) and operations
(internalized actions, like combining and taking
away.) (p. 172)
Formal language-development programs, in opposition to
Piagetian views, may be too abstract and unrelated to the young
child's experiences.

This type of program can contribute to

the problem of disabled readers (Hoffman

&

Filmer, 1979).

The stages of cognitive development and the approximate
ages by which each is developed, as described by Piaget, include:
Sensorimotor Period (birth to two years), Preoperational Thought
Period (two to seven years), Concrete Operational Period (seven
to eleven years), and FormEi.l Operational Period (eleven to fifteen
years).

In examining beginning readers, the preoperational and

concrete operational periods are of primary importance.
During the preoperational thought period the child begins to
use language but it remains egocentric.
the world only by what he can observe.

This means that he views
As the child progresses

from the preoperational stage to the concrete operations stage,
operativity increases.

Operativity is a term which indicates

intellectual development at the concrete operations stage.
Passage into the concrete operations stage is characterized
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by language which is more communicative and social in nature.
Logical and concrete operations developed during this period
include:

decentration (taking into account all the salient

attributes of objects); reversibility (mentally able to reverse
actions upon objects); conservation (the ability to conceptualize
that the qualities and quantities of an object remain the same
even when it changes position or shape); seriation (the ability
to mentally arrange items according to decreasing or increasing
size); transitivity (noting a relationship in which one object in
relation to a second object, and the second in relation to a
third object results in knowing how the first and third objects
are related); classification of items; causality; and the
relationship between time and speed (Wadsworth, 1971).

Children

at the concrete operational period can more easily focus on more
than one attribute and distinguish between the relevant and the
irrelevant (Ribovich, 1979).
This paper focuses on_the operation of conservation because
research shows a significant and positive relationship between its
development and reading achievement.
The research reviewed in Chapter IV indicates that the
attainment of conservation may be a necessary prerequisite of
reading instruction.

The ages by which Piaget found conservation

to be present coincide with beginning reading instruction.

By the

time a child is seven years old, at the end of the preoperational
period, conservation structures have usually begun to develop.
Piaget found that seventy-five percent of Genevan (Switzerland)
seven-year-olds displayed some understanding of conservation
(Almy , Chit tend en ,

&

Miller, 1966) .
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What operations contribute necessarily and sufficiently in the
formation of the child's conservation operations? Piaget suggests
that the notions of identity, reversibility, and compensation
contribute in the child's acquisition of conservation,
notions are evident in the child's explanations

These

(Piaget, 1964,

1973).
In the case of identity the child may state after the
transformations, "Nothing has been added or removed, so it is
the same amount,"
Reversibility in conservation is evident when the child
states, "You have lengthened one row of buttons, but they can be
moved back to where they were.

Then you can see that both

rows are the same,"
Piaget's argument of compensation is apparent when the child
explains, "The clay becomes longer, but at the same time it
becomes thinner,"

Stated another way, the compensation theory

asserts that what is lost in one dimension is gained in another.
During the preoperational, concrete opertional, and formal
operations periods children acquire conservation abilities in this
order:

conservation of number (five to six years); of substance

(seven to eight years), of area (seven to eight years), of weight
(nine to ten years), and of volume (eleven to twelve years),
sequence and approximate ages have been verified by other
researchers (Wadsworth, 1971).

This
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Chapter III
Reading as Cognitive Functioning
This chapter shows that reading involves cognitive functions.
Concrete operations are evident in the representational, decoding,
and comprehension elements of reading.

Because of the essential

role concrete operations play in the reading process, instruction
must acknowledge a child's cognitive level.

An emphasis on

thinking activities is a necessary prerequisite to reading
instruction, though this has not been a goal in traditional
education.
Reading and writing have traditionally been taught as a
vehicle for the child's thought.

It was believed that when these

skills were mastered, the child could then express and expand
his thinking.

However, from a cognitive theory perspective, it

is believed that "the thinking of this child (beginning reader) is
light years ahead of what he can read or write." (Furth, 1970, p.113)
The cognitive theory embodies the educational philosophy of
progressivism, which makes a major provision for self-initiated
activity by the student (Murray, 1978; Wadsworth, 1978).

It

dictates that educators first strengthen the child's logical
thinking structures, then the child will use the verbal and
written mediums more intelligently.
Furth (1970) believes that many children are not cognitively
ready to learn to read in the early primary grades.

Thinking and

body coordination exercises (referred to in a later section) can
help the child develop mentally.

Whereas, plunging the preopera-

tional child into reading instruction might not promote cognitive
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development.
The representational, decoding, and comprehension aspects of
reading all demand cognitive functioning at the concrete operations
level.

The relationships between each of these components of

reading and concrete operations is shown in the following subsections.
Representational Aspect
Reading can be p:trtially characterized as a representational
activity.

Children develop representation skills throughout the

cognitive stages.

During the sensorimotor period a child imitates

an event or activity several hours or days after he has witnessed
it.

This is called deferred imitation and is an early represen-

tational activity.
A preoperational child displays symbolic play and drawings,
and uses mental and verbal images as evidence of representation
development.

As he enters school he learns to employ symbols, yet

they limit operant thinking (Furth, 1970).

At this crucial level

of using graphic representation, the child will not be able to
comprehend (construct the schemata) what reading is about.

Other

cognitive skills (concrete operations) are needed first.
The symbols used in reading (Piaget calls these signs) have
figurative and operative components

(Furth, 1970).The figurative

aspect includes imitations and perceptions.
implicit language and phonics rules.

This can refer to

It places emphasis on the

perceptual content of reading material. The operative aspect refers
cumulatively to the child's perceptual contact with reading
materials, his background experiences which may relate to the
material, and his intellectual response to the materials.

This
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response can result in a change in schemata, or mental structures.
Thus operant thinking is the sum of the figmative, or perceptual,
knowledge plus a logical response, or intelligence (Furth & Wachs, 1974).
Operant functions and structures must be developed before
reading instruction begins.

As a child has more experiences

with people and things around him, his schemata will develop
logically (reflecting what is true) and will not be bound by
perceptions.

Representation is fundamental in understanding

written symbols.

Thus, the child's development of representational

activity is critical.
Decoding Aspect
A task analysis of decoding skills reveals subskills which
are characteristic of concrete operational functioning.

Reading:

requires the competence to dissect spoken words into
sounds; to recognize and discriminate letters and
graphemes; to decode graphemes to phonemes; to process
more than one letter at a time; to process in left to right
and up to down order; to know that written words are
analogous to spoken words; to recognize words from such
clues as configmation of-letters, parts of a word, word
context, and probabilities, and to reason, think and
make inferences about what is decoded. "

(Murray, 1978,

p. 102)

The above processes involving letters, sounds, and words
parallel Piaget's operative processes (conservation, reversibility,
decentration, class inclusion, and transitivity) involving number
(Mason, 1980).

In the decoding process, readers mentally perform
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operations upon letters like those necessary in forming number
concepts.
Decoding practice in beginning reading instruction often
consists of drill and teacher-centered activities which do not
allow children to practice what is meaningful to them.

Activities

requiring children to develop cognitive capacities concomitant
with reading skills are needed.
Comprehension Aspect
Another part of the reading process is comprehension.

The

comprehension component refers to the meaning derived from a
passage.

This section shows that comprehension is an essential

part of reading.
Acquiring rules for ordering and combining letters and words
is a low-level operative skill when compared to the high-level
explicit operative process of understanding order and combinatorial effects of written material (Furth, 1970).
process should be the goal of reading instruction.

The latter
In other words,

it is critical that the child establish mental structures which
will yield greater meaning from written passages.
Also, to understand the sequence of events comprQsing a
story line, additional operations including transformations of
reversibility, conservation, seriation, causality, and transitivity must first be developed.
Stauffer describes reading, concept attainment, and problem
solving as:
active cognitive processes of seeking relationships
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to, differentiating from, and reconciling with
existing ideas, and the processes therefore
overlap in many ways. (1969, p,16)
This statement emphasizes the conceptual reasoning that must
be present to obtain meaning from the written word,
The shift of recent educational theory toward psycholinguistics and cognitive psychology has prompted a better
understanding of concept development and reading comprehension
(Pearson & Samuels, 1980).

These areas of emphasis stress the

relationships between groups of words and concepts,

resulting

in inferences and generalizations made by the reader,
Conclusion
For many children reading is stressed before the operant
structlll!'.es resulting from contact with the physical world are
developed.

Gagne states that,

The great value of concepts as means of thinking
and communicating is the fact that they have
concrete references,(Wadsworth, 1978,

p.50)

When learning to read is overemphasized and the child is not
intellectually, socially, or emotionally ready, academic and
social failures are the result (Furth, 1970).
The goal should be to Think First, Read later! as is the title
of Waller's book (1977),

Reading comprehension skills, such as

making inferences, require broad experiences and logical thought;
they are thinking problems, not always reading problems.
must allow children to think at their cognitive levels.

Educators
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The level 0£ cognitive £unctioning has been shown to be
critical in the demands 0£ reading instruction.

Knowing where

the child £unctions cognitively (especially regarding preoperational versus concrete operational) is valuable in£ormation to
the teacher.

This knowledge can enable the teacher to provide

instruction which matches the child's capabilities.
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Chapter IV
Relationships Between Concrete Operations and Reading Achievement
The previous chapter shows how reading can be viewed as a
cognitive function, particularly during the concrete operations
period.

Mental structures provide meaningful associations for

the reader.

The following concrete operations provide mental

structures which are integral to beginning reading:

decentration,

conservation, classification, class inclusion, and transitivity.
This chapter demonstrates the relationship between these
concrete operations and reading achievement.
The acquisition of decentration, a characteristic of concrete
operational thought, is believed to be a crucial step in reading
Elkind and Deblinger (1969) assert that this

readiness.

perceptual skill allows the child to reconcile that a letter
may produce several different sounds in different contexts; and
also that a particular sound is often represented by several
graphic configurations.

Decentration may therefore contribute

to the schematization of letters, words, phrases and sentences
into meaningful patterns.
Elkind and Deblinger conducted an experiment in which
one-half of a second grade sample was trained in perceptual
exploration and reorganization of letters and symbols.

The two

groups were matched for perceptual activity and reading
achievement.
directed.

The training was nonverbal and thus student-

Their results indicate a statistically significant

gain in the areas of word form and word recognition on the

14
California Achievement Tests by the training group in comparison
to the control group.
Stack (1976) found correlations between operativity and
reading comprehension in a study which controlled for effects of
IQ and vocabulary.

Subjects (two hundred nine in all)

clustered

around the concrete operational level (fourth graders), and
some showed evidence of formal operations (sixth graders).
Passages used for testing comprehension had concepts of
concrete operations:

class inclusion, complementary classes,

multiplication of classes, seriation, and multiplication of
relations; and formal operations:

mechanical equilibrium,

probability, proportionality, combinatorial reasoning and
correlation embedded within the stories.

Each of these concepts

was also tested using operational tasks.
Operativity was significantly and positively associated with
reading comprehension.

This correlation was +.51 when IQ and

vocabulary were controlled._ When concrete operational tasks were
attempted, development in operativity exceeded operative
development in reading comprehension.

However, when formal

operational tasks were attempted, development in formal
operations lagged behind reading comprehension of formal
operational passages.
The above findings (Stack, 1976) indicate that the
attainment of concrete operations contributes to reading comprehension significantly; and does so more than the attainment of
formal operations contributes to reading comprehension at the
formal operations level.

This directs attention to the quali-

tative differences of thinking between the two congnitive periods.
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Waller (1977) cumulated correlational research relating
concrete operations to reading.

He reports evidence for several

Piagetian prerequisites for reading.
Waller (1977) reports that Devries tested children at
three mental levels (bright, average, and below average).

The

following factors were the most highly related to reading
achievement:

generic identity, conservation of mass, class

inclusion, transitivity, and magic and dream interviews.
A 1972 study by Simpson in which second and fourth graders
were tested on classification operations is reported by Waller
(1977).

Poor readers were found to be functioning at a

preoperational level.
Research has been conducted which correlates class inclusion,
a concrete operation, and specific reading-related skills.

In

1971, P. Smith found a weak positive relationship between class
inclusion

and letter identification (Waller, 1977).

Smith-

Burke (1976) found that class inclusion is "related to reading
along both process and content dimensions." (p.11)

The

researcher found significant differences between nonincluders,
transitional includers, and includers on the comprehension of the
main ideas of passages.
Studies involving seriation tasks yield high correlations
with reading achievement.

Waller (1977) reviews a 1969

study by Scott involving three hundred fifty-six kindergarteners'
performance on seriation tasks.

Total seriation task scores

were strikingly correlated with the total reading readiness score-+,82.

Waller states that the seriation tasks in this study are

16
slightly dif'ferent from those typically employed.

He suggests

the procedures may account for the very high correlation.
A research study by Kaufman and Kaufman using more typical
seriation taks also is reviewed by Waller (1977).

The data

derived from first graders' performance produced the following
correlations between:

reading and seriation, +.55; reading and

the total of four Piagetian tasks, +.58; and reading and the
Lorge-Thorndike intelligence test, on MA, +.51, and IQ, +.48.
Impressive correlations are found in the two preceding studies.
The concrete operation of seriation is highly related to reading,
Various reasons are given for the moderate to high
correlations found between reading ability and concrete operations.
Gibson lists three stages to fluency while learning to read:
"learning to differentiate graphic symbols, learning to decode
letters and sounds, and using progressively higher order units
of structure." (Waller, 1977, p.8)

These requirements on the

learner may be facilitated by the development of classification
and seriation which are not developed until the concrete
operations period.
Reading deals with abstract situations.

Youngsters

beginning school at ages five and six may not possess mental
structures required for reading decoding and comprehension.
Inferences to be made from written materials require that the
reader have various cognitive structures developed through
experience

(Pearson & Samuels, 1980; Stauffer, 1969, 1975).

The young reader may be able to read the words in a passage
but must bring adequate meaning to the material.

Ribovich
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notes that:
Children in the stage of concrete operations
handle concepts with greater ease than do children
at earlier stages, who find it difficult to see
part-whole relationships.

(1979, p. 287)

Theoretical and experimental research indicates that
concrete operational thought is a necessary prerequisite for
learning to read.

However, a causal relationship between

operativity and reading is not indicated from the research.
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Chapter V
Relationships Between Conservation Tasks and Reading Achievement
Numerous experimental studies have explored the predictive
and correlational associations between performance on conservation
tasks and reading-achievement.
In a cross-sectional study of children from lower-class and
middle-class families, Almy, Chittenden, and Miller (1966)
found that generally early conservers perform better on measures
of mental ability, reading and arithmetic.

This research

conducted on kindergarten through second grade students indicated
a higher positive correlation between reading and conservation
than between reading and IQ as measured by the Wechsler Intelligence
Scale for Children and the Pintner-Cunningham IQ measure
A longitudinal study conducted by Almy (1966),which followed
first graders'patterns through sixth grade, showed a less close
relationship between reading growth and conservation performance.
Two studies reported by Backus (1974) yielded similar
results.

In the first, Mertz found a statistically significant

relationship between the ability to conserve quantity and reading
with second graders.

In the same study, no such relationship was

found with third grade subjects.

Also, in 1973 Dawson found a

significant correlation between reading ability and conservation
with third graders but not with fourth graders.
It is likely that the results indicate a task-specific
correlation, because the same conservation tasks were used for
second and third graders in the Mertz study.

The statistically
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significant results with the second graders, but not with the
third graders, could indicate that the tasks which were chosen
could be more representative of second graders'cognitive functioning.
This interpretation applies to the Dawson study, also.

In the

study, third and fourth graders attempted the same conservation
tasks.
The children in each study fit within a broad age range for
attaining conservation as outlined by Piaget.

The results may

also reflect vacillation during the period of acquisition of
conservation as recorded by Piaget (1964).

The significant

correlations found in the lower grades in each study indicates
that the attainment of conservation results in improved reading
growth.
Backus (1974) sought to determine how conservation
operations are related to intelligence--total, non-verbal, and
verbal intelligence--as measured by the California Mental
Maturity Test.

The relationships between reading comprehension

and conservation were also examined.

Reading comprehension was

measured by cloze passages concerning concepts of conservation of
number, quantity, and volume.

The population of forty-two sixth

graders was divided into groups of low (ninety-four and below),
middle (ninety-five to one hundred five), and high (one hundred
six and above) intelligence quotients.
At-test analysis showed a significant association between
conservation and cloze comprehension scores which superseded the
effects of' intelligence for the high intelligence group only.
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In the other two groups, intelligence was more significant than
conservation performance in predicting cloze comprehension.

In

other words, whether the low or middle IQ child was a conserver
or a nonconserver had no effect on his cloze comprehension scores.
This study revealed a low, but positive and signiiicant
correlation between intelligence and conservation.

The correlation

between total intelligence and total Piagetian task performance
was +.37.

Correlations between comprehension and conservation

were not significant for all IQ groups.

The overall correlation

between all three cloze measures and total Piagetian task
performance was +.27.

Backus states that significant differences

between comprehension tasks and conservation might be obtained in
a study with a larger population.

The study reiterated findings

of a study by Bond and Wagner using sixth grade subjects in which
intelligence was highly associated with reading ability.

In the

Backus study, there was a +.60 correlation between total cloze
scores and total intelligence.
Briggs and Elkind (1973, 1977) identified the following
factors which are common to early readers:

conservation,

creativity, and auditory closure and sound blending--two measures
from the Illinois Test of Psycholinguistic Abilities.

High

achievement motivation on the part of the parents, indicated
from parent interviews, was also related to the ability to
learn to read early.
(Goldschmid

&

The Concept Assessment Kit--Conservation

Bentler, 1968), was used in this study to measure

performance on conservation tasks.
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In a study by Borucki (1976), the Concept Assessment Kit-Conservation (Goldschmid & Bentler, 1968) and the Stanford
Achievement Test were administered to first graders.

These

tests were used to determine the relationship of conservation
ability as described by Piaget
ment.

to first grade reading achieve-

The CAK-C was administered in the fall; the SAT in the

spring.
The data indicated that children in more advanced
stages of cognitive development at the beginning
of first grade were more successful with beginning
reading tasks. (Borucki, 1976, p. 1971-A)
This relationship was more pronounced with boys than with girls.
Subtests which showed a statistically significant main
effect for cognitive level from the analysis of covariance were:
Vocabulary (p=.001) and Word Reading (p(.05).

Children

determined to be in the concrete operational period scored
significantly higher on the~e two subtests than children in the
transitional or preoperational stages.

Children functioning at

a transitional level obtained significantly greater scores on
the vocabulary and word reading variables than preoperational
children.

Subtests which did not show a significant main

effect were:

Reading Comprehension, Word Study Skills, and

Total Reading score.
The researcher recommends that educators determine the
cognitive level of the child before beginning reading instruction.
Borucki (1976) also suggests that reading instruction following the
language experience approach would be more compatible with Piaget's
stages of cognitive development than instruction which emphasizes
decoding skills.
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When conservation abilities are correlated with standardized
reading test scores Murray
composite correlation.

(1978) reports a +,40 reliable

The correlation is reduced slightly when

general intelligence factors are separated out.
Studies in conservation, as discussed in this chapter,
indicate a significant, positive correlation between the
Piagetian cognitive stage and reading achievement.

Waller

(1977)

offers an explanation for the relationship between conservation
and reading. Both "require coordination of elements or relations
to arrive at a unified meaning or perception in the Piagetian
sense." (p.20)

In review, the child's experiences with his

surroundings, which also contribute to acquiring conservation,
enable him to bring meaning to written material.

These relation-

ships warrant the study of the effects of intervention in the
training of conservation concepts.
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Chapter VI
Intervention Studies
Introduction
Conflict equilibration, constituent structure training and
verbal and nonverbal reinforcement are the three techniques most
often employed in conservation training studies.

The situations

provided by these different methods allow for observation of
preoperational, transitional, and conserving children.
Conflict equilibration training creates an inner disturbance
that the child might solve.

This happens when the child's

perceptions tell him a row of six buttons is longer, yet when he
counts, the shorter row has more buttons.

A nonconserving

child

resorts to his perceptions and will state that the longer row has
more, even though he can count.

A series of questions is used to

guide the child in his internal conflict; although often the child
is guiding the experimenter

as he listens to what the child says.

Constituent structure training involves the child in learning
necessary elements of reasoning which Piaget identified as
contributing to conservation.

These operations include:

decentration,

reversibility, addition and subtraction (the identity principle),
and compensation.

These interrelated operations are described in

Chapter II. (Piaget, 1964)
Much research has been done with verbal rule training and
similar methods involving external reinforcement.
rule training conservation tasks are exper:imentally
with the corresponding conservation rules.

In verbal
manipulated

This method contradicts
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Piaget's belief of internal motivation being necessarily involved
for learning to occur.

The role of language prompting cognitive

growth is also contrary to a Piagetian methodology.
The following sections in this chapter review conservation
training experiments

The intent of this review is to determine

the effectiveness of training for conservation.

The experiments

incorporate either conflict equilibration, constituent structure,
or reinforcement training techniques.

The last section reports on an

experiment which used a combination of methods and compares their
effectiveness of training for conservation.
Conflict Equilibration Training
Recent experiments conducted by Inhelder, Sinclair, and
Bovet (1974) sought to train children to conserve length.
who could already conserve number were selected.

Children

These subjects

had attained awareness of identity, reversibility, and compensation
effects in number conservation problems.
Situations were designed to activate cognitive schemes
conflict.

through

The learning process was aided by questions and

discussions initiated by the experimenters.

Quantitative results

were not reported because questions and procedures were not
uniform.

Each of the sixteen children participated in three or

four sessions of fifteen to twenty minutes each, over a period
of two weeks .
During the training children would make errors similar to
those made during conservation of number training.

That is, they

initially judged the problems in terms of ordinal criteria.
example, comparing the lengths of the rows of matchsticks as

For
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'going beyond' or going 'just as far' was common.

The children

were confused when their counting of the matchsticks and their
ordinal perceptions did not coincide.

Some children showed an

awareness of the inconsistencies of their answers.

Some subjects

resolved the conflicts, others did not.
The thought processes of one child can be followed through
several experimental layouts.

In the layout of situation a,

shown in Figure 1, the straight line is constructed from four
matches and the zigzag line has five matches.
that the two roads are the same.

The child stated

He expressed awareness of the

number of matches and questions himself, '"But then, why are they
the same?"' (Inhelder, Sinclair, & Bovet, 1974, p. 168).
In situation b, shown in Figure 2, the child based his
judgment on counting and said both roads were the same since both
roads had five matches.
on the bottom was longer.

The experimenter suggested that the road
The child responded, "'That's really

funny, there's the same number of matches and he thinks the
roads aren't the same.

111

(Inhelder, Sinclair,

&

Bovet, 1974, p. 169),

Here the child displayed conservation of length.

Figure 1

----

Figure 2

,_,-,

---- ------
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When the experimenter returned to situation a this child
again relied on an ordinal estimate, maintaining that these roads
were the same length.
A turning point came when the child was asked to construct a
straight road that was the same length as a zigzag road.

The

child was initially confused, but after working through this
problem, he gave correct answers to all questions regarding
conservation of length.
The Genevan experimenters found evidence of delayed progress
while examining results of a second posttest conducted several
weeks after the first posttest.

This finding has been indicated in

other experiments by these researchers and by Piaget-(1964).

It

appears that such training can serve to build new cognitive
structures as the subjects deal with conflict, even though the
conflicts are not resolved immediately.
An important point of these experiments is that before they

began, the children were somewhat transitional, because they had
acquired some understanding of conservation.

They had mastered

conservation of number tasks.
Constituent Structure Training
The following section reviews training studies in which
representative tasks of structures integral to conservation are
presented.

Piaget and Inhelder (1969) list these as:

additive identities, and compensation.

reversibility,

These structures are

evident from children's explanations of the tasks.

It will be

determined whether the training of these three structures will
produce conservation.
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In 1964, Wallach and Sprott success£ully induced number
conservation using reversibility techniques in all £i£teen
previously nonconserving £irst graders.

These children, with

a mean age 0£ six years-eleven months, were at least closer to
the age 0£ conservation acquisition as stated by Piaget, than
children in the studies by Smedslund (1961) and Wohlwill and Lowe

(1962) to be examined later in this chapter.

Having children

participating who were older and closer to the ages Piaget
lists as average could contribute to the children's readiness
level and success.
Two sets 0£ objects were matched in this experiment--checkers
and cards during the pretest, and dolls and beds during the
training.

Counting, even nonverbal counting, was discouraged.

Subjects were to visualize the objects in a one-to-one correspondence pattern.
Eight situations were used whereby either a doll or a bed
was added or removed to make the rows equal in length; or objects
were moved closer together or £arther apart.

A£ter the eight

training situations, all 0£ the children reached the criterion.
The experimenters based the proo£ 0£ conservation on whether
the subjects re£erred to these explanations:
1.

The objects £it together or were the same number be£ore.

2.

The objects could £it back together again.

J.

Nothing was added or taken away, the objects
were only rearranged.

4.

One set was closer together than the other set,
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or an object in one set was between two in
the other row.

(Wallach, 1964, 1063)

A second posttest was conducted two to three weeks following
the first posttest.

Retention of the earlier results--using

checkers and cards, and dolls and beds--was maintained; as well
as the successful transfer made to different objects, bowls and
spoons.

When a countersuggestion was utilized, eighty-five

percent of the subjects maintained that the rows were equal.
The results appear to offer unequivocal evidence that experience
with reversibility can induce conservation.
However, Wallach later altered her position on the role of
reversibility in inducing conservation.

An

experiment regarding

the conservation of liquid and number by Wallach, Wall, and
Anderson (1967) indicates that not all children who acknowledge
reversibility are also cognizant of conservation.
Wallach suggests that the combination of reversibility and
the recognition of misleading cues (e.g.,height in liquid
conservation tasks) might explain how conservation is acquired.
However, there is no evidence for this yet.

(Wallach, 1969)

She seeks an alternative explanation for how children
attain conservation.

Wallach hypothesizes that children observe

that the changes made ''have no effect on the values of (perceptible)
properties that indicate equality by sameness and inequality by
difference brought about by actions."

(Wallach, 1969, p. 216)

Actions observed by children which could lead to the understanding
of conservation according to the above statement include:
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1.

If two substances which are known to be equal,
are both changed in the same way, the result is
that they will still be equal, and

2.

If two substances which are known to be unequal
are both changed in the same way, the result is that
they will still be unequal.

Wallach suggests that training which involves the above situations
may be a fruitful direction for research. (Wallach, 1969)
Do children normally encounter situations such as these often
enough to develop an understanding of conservation? As noted
earlier, all children do attain these concepts, though some sooner
than others, in the sequence outlined by Piaget.

Therefore, what

factors within the child's mind and/or environment are the impetus
for cognitive growth in the realm of conservation?

The above

studies attempt to isolate these factors in conservation acquisition.
However, there is no proof that training in identity, reversibility,
or compensation produces conservation.

Wallach et al. (1967)

found that even though a child displays understanding of a
constituent structure, conservation does not always follow
immediately.
Reinforcement Training
The following studies involve training by some means of
external reinforcement.

Smedslund (1961) used scale readings to

prove to his subjects that balls of clay remained the same weight
even though their shapes were changed,

Sinclair-de-Zwart and

Inhelder (Sinclair-de-Zwart, 1969) taught nonconservers terms

JO
characteristically used by conservers.

Two experimental studies

teach various conservation rules to children

(Figurelli

&

Keller,

1972; Gates, 1976). All of the studies in this section are
characterized by relatively short and intensive training periods,
In a series of experiments designed to induce conservation of
weight, Smedslund (1961) included transitivity (If A equals B
and B equals C, then A equals C) in the training procedures.
Varying states of a substance were represented by A,B, and C.
A ball of clay was changed three times, and weighed after each
change,
The subjects could observe from the scale that all three forms
of the clay weighed the same.

The readings :from the scale typify

external reinforcement, which is essential to behavioristic
learning theory.
A second group observed obvious additions and subtractions to
a piece of clay and noted the resulting changes in weight on a
scale.

A control group wa$ included in pr~- and postting.

These five and one-half to seven year old children acquired
conservation of weight concepts with the same degree of frequency.
This differs with Piaget and Inhelder's findings that seventyfive percent of the nine-year-old Genevan subjects had acquired
conservation of weight naturally

(Wadsworth, 1971), Smedslund

attributes the learning to the internal conflict resulting when a
child's perceptions are challenged by other data.
Also, the children in Smedslund's study did not acquire
transitivity immediately following the presentations.

However,

these children exhibited knowledge of transitivity after the
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second posttest, which was one month after the first posttest.
Though the weighing produced conservation of weight in the
children, the intellectual structures needed for transitivity
could not be pr~duced within the short duration of the experiments.
(Piaget, 1973)

Time appears to be an essential factor in the

formation of cognitive structures.

Merely observing and noting a

result does not ipso facto produce comprehension of a concept.
The relevance of time in learning is displayed in Piaget's
acquisition of operations sequence.

Though a child attains

conservation of number, it could be two years before he demonstrates
the scientific laws of conservation of substance and area; another
two years before he realizes weight conservation; and another two
years until conservation of volume is reached.
later, Smedslund successfully extinguished the conservation of
weight learning the young children had acquired.

The extinction

resulted by surreptitiously taking a piece of clay from the ball
during a transformation.

The children's conservation operations

had not stabilized enough to prevent the extinction.
This process is parallel to Piaget's use of countersuggestion
to test the child's operational knowledge of concepts.

Piaget

employed this technique by suggesting that another child had a
different response.

A child with stabilized operations would

certainly elicit surprise following the trick perceptions.

This

response would be noted by the experimenters. (Charlesworth, 1969)
In 1967, Sinclair-de-Zwart and Inhelder sought to determine
the associations between cognitive functioning and linguistic
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patterns

(Adams, 1977; Sinclair-de-Zwart, 1969). Piagetian tasks

were used to determine the child's acquisition of seriation and
liquid conservation.

Each child was asked to describe the

transformations.
Terms used by conservers were different than those used by
the nonconservers.

Seventy percent of the conservers used

comparatives for varying quantities of clay (a continuous quantity);
all of the oonservers used comparatives to describe varying
quantities of marbles ( a discrete quantity).

An example is, "'The

boy has more than the girl.'" (Sinclair-de-Zwart, 1969, p. 323),
Ninety percent of the children without conservation used absolute
terms--"'The boy has a lot, the girl has a little.'" (Sinclair-deZwart, 1969, p. 323),
Also, eighty percent of the conservers described the objects
by coordinating the two dimensions contrastively, '' 'This pencil is
long(er) but thin(ner), the other is short but thick."' (Sinclairde-Zwart, 1969, p. 323),

Seventy-five percent of the nonconservers

used one term to signify change in two dimensions--e.g. "big''
signified length and diameter.

Ninety percent of the nonconservers

either ignored one dimension or used four sentences, such as-"This pencil is long, the other is short, this pencil (the first
one again) is thin, the other is fat."
A notable result is that twenty percent of the children used
comparatives for discontinuous quantities (marbles), but had not
yet begun to do so for continuous quantities (clay).

This result

follows the pattern discovered by Piaget--that the acquisition
of conservation with discontinuous quantities precedes the acquis-
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ition of conservation with continuous quantities (Piaget, 1941/1964).
Next, the experimenters attempted to teach the terms used by
conservers to the nonconservers.

Of the small number of children

who learned to use the descriptions characteristic of conservers,
(Adams, 1977).

only ten percent of the subjects acquired conservation

Sinclair-de-Zwart believes that verbal training can direct
attention to critical aspects of the transformations, but does not
in itself produce new operations.
The effects of training and socio-economic class upon the
acquisition of conservation concepts were studied by Figurelli
and Keller (1972).

The samples were comp~ised of Black children

from low socio-economic families.
from both classes.

Control groups were drawn

All children, nearing the completion of

first grade, were within an age range of six to eight years.
The test used was the Concept Assessment Kit-Conservation,
Forms A,B, and C.(Goldschmid

&

Bentler, 1968)

Forms A and B

are parallel tests which assess the conservation of:

discontinuous

quantity, number, continuous quantity, two-dimensional space, and
substance.

These forms were used for pre- and posttests.

Form C

was used to assess transfer to conservation of area and length.
Children in the experimental groups were trained on five tasks
from each of the concept areas.
technique was utilized.

A verbal rule instruction

The posttest and transfer test were

administered one day after training.
Performance on the pretest and transfer test was significantly
higher for middle class children.

The training resulted in

significantly higher scores on the posttest for both socio-economic

J4
groups.

Control groups showed little gain from pre- to posttest.

Lower class children required an average of

J7.9 repetitions to

learn a conservation task, while middle-class children required
an average of 2J.4 repetitions.
The experimenters report that previous studies, employing
various training methods, indicate gains chiefly with middle
class children.

Some of these studies which are referred to,

did include delayed posttests. The growth demonstrated from the
intensive training in the Figurelli and Keller study must be
qualified by the fact that no delayed posttest was administered.
Studies which assess types of training used with lower
socio~economic class children yield information essential to the
early-intervention programs.

Examples of these programs for

preschool and beginning-school-age children include:

Head Start,

Follow Through, and Title I remedial programs.
A study conducted by Gates

(1976) examined the effects of

three training procedures to induce number conservation.
included:

These

a General Rule procedure, a Specific Rule procedure,

and a Nonverbal procedure.
Subjects, with a mean age of five years old, were classified
according to their performance on the pretest.
included those who:

The classifications

conserved consistently, conserved inconsis-

tently, consistently did not conserve
explanations), and did not conserve

(giving logical perceptual
in an inconsistent manner

(could only judge number equivalence during the one-to-one
correspondence example).
The General Rule procedure consisted of giving the child one
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of nine number conservation rules following his judgement on each
trial.

The Specific Rule condition consisted of telling the child

one rule, pertaining to counting the elements, on each trial.

The

Nonverbal approach included only indicating to the child whether
his judgement was correct or incorrect, or feedback training.

A

control group comprised of children from the four classtlications
was included in pre- and posttesting.

The three training groups

and the control group each included thirty-six children.
Children were classified, then pretested on conservation of
number, area, and volume.
trials were conducted.

The next day training was given; eighteen

Training was only directed within the

realm of number conservation •. The posttesting immediately followed
the training.
All children receiving the Specific Rule intervention acquired
number conservation--a significant effect.
from their judgements and explanations.

This was demonstrated

Children determined

previously to be conserving inconsistently were significantly
facilitated by the General Rule approach to now give adequate
explanations.

The Nonverbal approach, also, effectively

facilitated previously inconsistent conservers to conserve number.
No transfer to conservation of area or volume was demonstrated.
The claims of some subjects' acquisition of number conservation
appear superficial.
verbal rules.

Piaget discounts training which involves

Perhaps subjects already had begun to develop

cognitive structures for conservation; they were transitional
or conserving prior to training.

They would understand enough
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about the transformations that after eighteen repetitions of
hearing the rule or rules it would become simple to "parrot" the
explanations.

Gates (1976) claims that the ''training facilitated

the complete acquisition of' number conservation." (p.2739)
Without additional posttesting at later intervals it is
impossible to say whether the training eff'ects were lasting.

It

is important to note that the ability to conserve could not be
induced, even though verbal clues were supplied, if' children had
not previously demonstrated some understanding of' conservation.
Combination Study
In the previous sections, studies were reviewed which were
aligned under one of three dif'f'erent training methods.
consisted of:

These

conf'lict equilibration; constituent structures--

reversibility, identity, and compensation (Elkind, 1967); and
external reinf'orcement methods.

The f'ollowing study compared all

three of' these training methods.
Wohlwill and Lowe (1962) conducted experimental intervention
which was similar in technique and outcome to Smedslund's study.
(1961)

The experimenters sought to analyze the psychological

mechanisms of' conservation acquisition.
They employed three variable techniques plus a control setting
with kindergarteners to determine which was the most ef'fective to
produce conservation of' number.

Eighteen children comprised each

of four groups.
One group received direct feedback f'rom the experimenter.
Af'ter the rows of stars were altered in length, the child counted
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the set.
Another group was taught to differentiate the number of
objects from the irrelevant cue--length.

It was expected that

subjects would note the conflicting relationship between spatial
and numerical sets, thus would dissociate the length aspect and
focus on numerical quantity.
A third group counted rows of stars before and after the
experimenter added or subtracted from the row.

This procedure

represents a constituent structure method; the constituent
structure being identity.

The use of this approach assumes the

process of inference brings the child to understand number
conservation; i.e. the child may infer that when nothing is
added or subtracted, the quantity is the same.
The pretest and posttest consisted of separate verbal and
nonverbal parts.
trials.

The nonverbal section consisted of a series of

After training, the verbal and nonverbal tests were

repeated.
After the trials employing the addition and subtraction
technique, forty-eight percent of the kindergarteners responded
correctly.

Forty-seven percent of the children in the reinforced

practice group responded correctly following practice.
no learning resulted from the dissociation technique.

Almost
It was

believed that the counting interfered with directing the child's
attention to the length, thus neither conflict nor dissociation
resulted.

More learning was displayed in the nonverbal segments

than in the verbal segments.

Overall, the different conditions

produced no significant differences in conservation responses from

38
the pre- to posttest.
Zimiles (1963) offers an explanation for the superiority of
performance on the nonverbal tests versus the verbal test in the
Wohlwill and Lowe study (1962).

In the nonverbal test the exper-

imenter specifically requests numerical data--"How many stars are
there?"

Following a spatial change in the verbal test, the child

is questioned in more ambiguous terms--"Which row has more?"
Zimiles asserts that a child might possess several concepts of
"more" and responds in terms of the spatial set since he has
observed a spatial alteration.

The new row has "more'' length.

However, an explanation which refutes Zimiles' is that the
child has not yet developed his conceptions of number enough to
abandon the perceptual set.

This reflects Piaget's position

regarding the child's development of numerical reasoning.

At

first the child is completely influenced by spatial perception.
In the transitional period the child combines perceptual and
conservational influences.
conserve quantity

In the final stage, the child can

(Piaget, 1964 ).

This author would also refute Zimiles' point made regarding
ambiguous terms influencing the child's nonconservation.

Piagetian

theory dictates "that logical thinking is primarily non-linguistic
and derives from action." (Ginsburg and Opper, 1969, p. 172) Also,
a subsequent finding of Mermelstein and Shulman's study (1967) is
that:

"specific training in language does not insure analytic

understanding of (conservation) questions prior to nine years of
age . " (p. 50)
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Effects of Formal Schooling

£E_

Conservation Acquisition

The training studies reviewed thus far have involved specific
intervention procedures.

Mermelstein and Shulman (1967) assessed

whether the general experiences of children attending school have
a significant effect on conservation acquisition.
The Mermelstein and Shulman study sought to determine whether
formal education versus no schooling affected the children's
attainment of conservation.

A community in Virginia had been

without public schools for four years.

Sixty Black children

between the ages of nine and one-half and ten years old, who were
attending school for the first time, were compared with sixty
Blacks of the same age and from a northern community, on a series
of Piagetian tasks.
Two groups were also selected from the above areas comprised
of children between the ages of six and one-half to seven years
old.

No significant differences were found that would be attrib-

utable to the effects of schooling.
Nonverbal and verbal tasks were used in the study.

The nine-

year-olds who had not had formal schooling showed significant
deficits on the verbal tasks.
Conclusions
The studies are all relatively short-term, taking place
within a few days or a few weeks.

Varying degrees of success are

reported as a result of conflict equilibration, constituent
structure, and reinforcement intervention.
The research review indicates that training can help develop

cognitive stuctures necessary for conservation if children are
already transitional.

Conservation could not be induced in any

of the preoperational children (who were identified by a lack of
conservation) and be shown to have a lasting effect.
significant effect on conservation attainment.

Age has a

This is evident

in the Smedslund study (1961) in which children were too young and
had not begun to develop cognitive structures necessary for
conservation.
Conflict equilibration training appears to have the greatest
effect of the different types of conservation training.

Even then,

the child must have already begun to develop congnitive structures
which lead to conservation

(Inhelder, Sinclair, & Bovet, 1979).

Though the child notices discrepancies between his perceptions and
logic, working through conservation tasks himself may be necessary
to reach conservation.
The review indicates that the child's attainment of reversibility, identity, and compensation may be necessary for conservation.
However, the attainment of these operations may not be sufficient
for conservation.

Training in these areas did not necessarily lead

to conservation.

These three constituent operations and conservation

are complex.

They can not be isolated completely.

Other operations

and factors may also be involved in the complex whole of the child's
logical thought (which is based upon actions).
The constituent structures of conservation are dependent upon
previously acquired structures.

Piagetian theory states that

intelligent behavior begins before birth (Piaget, 1952).
Development of logical operations evolves over time.
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The external reinforcement techniques were not successful
in inducing conservation.

Studies by Smedslund (1961) and

Inhelder and Sinclair-de-Zwart (Sinclair-de-Zwart, 1969) clearly
show the failure of training involving feedback.

The gains

stated by Figurelli and Keller (1972) and Gates (1976) must be
qualified by the fact that delayed posttesting was not involved.
The use of delayed posttesting would have determined whether the
training efffects were lasting and became a permanent part of the
child's logical repetoire.

Perhaps the presentation of

conservatim tasks initiated thinking about them, but acquisition
was not automatic.
In summary, internal motivation (equilibration) is essential
to learning and development.

However, educators must realize

that teaching strategies are also critical in learning (Case, 1978).
The child will most likely attain conservation without specific
training or formal education.

Yet, the child's learning can be

maximized if the focus and goals of instruction are based upon
knowledge of the child's cognitive level.
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Chapter VII
Piagetian Schools
The intervention studies took place over relatively short
periods 0£ time.

As stated be£ore, it behooves researchers to

determine what long-term e££ects 0£ training, i£ any, there are.
The evaluation 0£ longitudinal intervention studies and the
incorporation 0£ Piagetian tasks in school curricula can address
these concerns.
Some primary teachers utilize Piagetian tasks 0£ classification,
seriation, and one-to-one correspondences.

Activities 0£ this

type have been implemented in some £ederal programs £or poor
preschool and primary grade children (Almy, 1979).

Too £ew

educators have adopted curricula which provide such child-centered
activities.
Two experimental schools have purpose£ully embodied Piagetian
theory into the curriculum.

The goals and results 0£ these

schools are described below.
The Tyler Thinking School in Charleston, West Virginia
provided a thinking environment £or students during a two-year
study.

Furth and Wachs (1974) designed and implemented a program

to stimulate the physiological growth 0£ the child, a necessary
prerequisite £or learning to read.
Kindergarten children worked to coordinate external or body
movements with thinking.

These components 0£ movement thinking

were developed through speci£ic training:

re£lexive control,

mental map 0£ the body, coordination oI the body's axes, body
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balance, and coordinated action.
Example activities for developing a mental map of the body
which the children practiced are:

the cross-legged walk (the left

foot crosses to the right side of a line, then the right foot
crosses to the left side of a line), the wheelbarrow walk (including
cross-handed, forward, backward, and sideways movement), the
"Where Did I Touch You" game, and swimming in place.
Children advanced to permutation games.

These games included

grouping items in various linear arrangements.

Practice of this

kind was intended to help develop the comprehension of sequence,
which was deemed a critical aspect of reading comprehension (Furth
&

Wachs, 1974).

ScbaoJ:

Other activities are described in

Piaget's Tbeo:cy; in Practice (Furth

Piaget for

&

Toinkin~ Goes to

Wachs, 1974) and

Teachers (Furth, 1970).

The project was discontinued when funding was dropped after
two years.

Furth and Wachs indicated that the lack of tremendous

gains in standardized reading tests resulted in support being
dropped from the school system.

The authors state that this is

an indication of a too intense pressure £or premature academic
performance.

Other £actors were detrimental to the program,

including not enough support and a lack of desirable resource
personnel.
Part of the philosophy of Tyler School recognized the child's
spontaneous developmental stages.

The school's promoters did:

not want to push children beyond their stagecharacteristic pattern of thinking because they
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were too much convinced of the importance of the inner
forces and motivation that guide and direct a child's
development.

(Furth and Wachs, 1974, p. 273)

It is essential in the quest to improve instruction and to
provide for task-specific intervention to realize that children
cannot be pushed to extraordinary acceleration of;perifoit111S.nce.
Extensions of programs and longitudinal evaluations of efforts
such as the Tyler School for Thinking are needed to assess longterm effects of this training.

Evaluators must also realize

that dramatic growth may not be retained in the long run.
Susan Isaacs directed a preschool in the 19JO's which
taught according to Piaget's theory

(Almy, 1979).She recognized

that children exhibit signs of logical reasoning very early.
This educator believed that teachers and parents must listen to
what the children know and can tell them.

In doing this,

teaching strategies can be used which are compatible with the
child's developmental level (Sigel, 1969).

Not enough follow-up

studies have pursued the children who participated in Isaacs'
program

(Almy, 1979).

Chapter VIII
Conclusions
There is a significant and positive relationship between
reading performance and conservation task performance at the
concrete operational level of cognitive development (Backus, 1974).
This relationship is also evident for other concrete operations,
such as:

class inclusion, seriation, and transitivity (Murray,1978;

Waller, 1977).
Regarding reading as a cognitive function provides a basis
for understanding the correlations between beginning reading
ability and conservation attainment.

A task analysis of the

representational, decoding,

and comprehension aspects of reading

yields concrete operations.

An example is the involvement of

class inclusion in deriving the main idea from a passage (SmithBurke, 1976).
The associations that are made between objects in the child's
physical surroundings, written symbols, and mental images allow
for the development of reading skills.

Thus, the importance of

the child's interaction with his environment is maintained for
learning and cognitive development.

Conservation is a result of

the child's physical actions and cognitive reactions upon objects.
Conservation is a concrete operation in which characteristics
of an object remain the same even though the shape or position is
altered.

These characteristics that remain constant, as outlined

by Piaget are:
volume.

quantity, substance, length, weight, area, and

46
Piaget identified these three constituent structures which
comprise conservation:
(Piaget, 1941/1964).

reversibility, identity, and compensation
The attainment of reversibility allows the

child to recall the initial state of the objects.

The child sees

the constancy of quantity, or another characteristic, throughout
any transformation.

Without this cognitive structure, the

preoperational child sees the object in separate, unrelated states.
Identity allows the child to know that if nothing is added or
subtracted from the substance, then it remains the same.

In

compensation, the child acknowledges that though a change is
perceived in one dimension, this change is countered by a
simultaneous change in another dimension.

This constituent

structure, compensation, is illustrated in the case of volume
conservation.

A change in the height of a liquid in a container

is accompanied by a proportional change in width.
Three types of conservation training procedures were reviewed.

These include:

conflict equilibration, constituent

structure, and reinforcement training.

Of the different training

methods, those which confront the child with conflict involving
minimally discrepant information (conflict equilibration) have
the most lasting effects (Inhelder, Sinclair, & Bovet, 1979).
Also, training is most effective when the child is transitional,
or has already acquired some conservation structures (Inhelder,
Sinclair, & Bovet, 1979).

Training can not induce complete

conservation in the preoperational child

(Smedslund, 1961).

The constituent structures training does not always lead to

complete conservation.

These structures--reversibility, identity,

and compensation--are described earlier in this chapter.

Though

these structures are evident in conservation, training in these
isolated components is not tnough to produce conservation (Wallach,

1969). Conservation is a complex operation in which other constituent factors may be involved.

The child's experiences upon

objects is necessary for conservation to evolve.
Reinforcement training is intensive and can produce superficial gains.

These gains disintegrate upon a delayed posttesting.

After many repetitions of a conservation rule, the child may be
able to "parrot" the correct response.

But because the training

has not produced a change in the child's cognitive structures
(accomodation), the verbalizations are not meaningful to him.
Often the child will not even repeat the correct statement or
term being taught because he can not relate it to his experiences
and cognitive structures.
In summary, training is only effective when the child is
ready and when he is actively involved in manipulating objects.
Though intervention seems to be effective in linited situations,
the literature indicates some applications for reading instructors.
First, the child must be physiologically ready for reading
instruction.

Body awareness and movement exercises are important

readiness activities for the preoperational and pre-reading child
(Furth

&

Wachs, 1974).

The ability to perform gross motor

activities is a prerequisite to performing fine motor tasks.

Fine

motor tasks include visual discrimination and eye-hand coordination

which are critical in learning to read.

If the student has deficits

in motor skills, practice must be provided for them.
Second, reading is a cognitive function.

Therefore, helping

children develop thinking skills becomes an important prerequisite and co-requisite of reading instruction (Furth

&

Wachs, 1974).

Reading involves making inferences, drawing conclusions, and
understanding relationships.

Reading must be presented as an

activity which is meaning£ul to the child.
The teacher may provide situations involving conservation
tasks.

This would be difficult in a regular classroom with

children of many cognitive levels.

More importantly, the

research indicates the necessity of the primary teacher to
provide a variety of general experiences.

This includes the

manipulation of objects (ordering, seriating, and classifying
colored blocks; using tools to construct a new product).

These

experiences may add to and help form the child's general logical
structures (Inhelder, Sinclair,

&

Bovet, 1979).

The critical point of Piaget's theory, of the correlations
between reading achievement and cognitive ability, and of the
intervention studies is that the teacher needs to regard each
child's cognitive level of functioning in determining classroom
expectations.
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